To address these questions, we developed an elaborate toolset that consists of a) detailed, Table 1 ). Finally, in order to assess the functional implications of these predictions,
92
we built a reduced network model 41 of 2-stage integrator neurons ( Figure 1D ) and showed are better represented by a 2-stage integrator abstraction rather than a point neuron.
101
Importantly, non-linear dendritic integration in these cells offers substantial advantages for 102 memory encoding in large scale networks. tree has yet to be reported.
139
To assess the robustness of this finding, we first performed a sensitivity analysis whereby 140 the cp-AMPA, NMDA, VGCCs, sodium and A-type potassium conductances were varied 141 by ±20% of their control value. We found no changes in the integration mode of dendrites
142
(data not shown) and only insignificant alterations in the spike threshold of supralinear 143 dendrites (Supplementary Figure 6b) . The only manipulation that eliminated 144 supralinearity was the blockade of dendritic sodium channels (Supplementary Figure 7) .
145
Next, we examined whether the two modes are influenced by the presence of Gap 146 junctions, which are well established in FS BCs 46 . Towards this goal, we connected pairs 147 of Hippocampal and PFC cells with 10 electrical synapses (see Online Methods).
148
Presynaptic cells were synaptically activated so as to fire at gamma rate frequency as per 149 Tamas et al 2000 46 and the integration mode was assessed, as previously, in the dendrites 150 of the post-synaptic cell. We found no influence of gap junctions on the integration mode,
151
apart from a slightly increased membrane potential (Supplementary Figure 8) .
152
The same effect was observed in simulations of more physiological conditions such as . 12 a, b) . This is likely because small diameters prevent signal loss, enabling 259 the small depolarizations produced by dispersed inputs to reach and excite the soma.
260
Clustered arrangements on the other hand, are severely hampered by the high conductance 261 of the A-type potassium channels 24 , as blockade of these currents enhances somatic output
262
(Suppl. Fig. 12 c, d ). This is because clustered -but not disperse-inputs induce large The non-linear synaptic integration taking place within the dendrites of cortical 48 (as graphically illustrated in Figure 5 ) and asked which of them can better capture the firing 300 rate variability in the biophysical models. Taken together, this analysis suggests that a 2-layer artificial neural network that considers 360 both types of dendritic non-linearities is a much better mathematical abstraction for FS 361 basket cells than the currently assumed linear point neuron.
362

Bimodal nonlinear integration of FS basket cells enhances memory encoding
363
In order to investigate the functional implications of our findings, we built a canonical Table 6 ).
366
The model includes inhibitory feedback connectivity, multi-dendrite and perisomatic As predicted by our multi-compartmental models (Figure 4) , we found that dispersed 399 synaptic activation is beneficial to engram properties by further reducing the engram size 400 (p-value=4.0e-6) and the mean firing rate (p-value=1.7e-7) (Figure 7a-b) . Summarizing, Figure 11) . 406 Finally, we also assessed the role of FS-BC nonlinearities in memory linking, by encoding Figures 7) , which are in turn gated by the morphology (Figure 3) of dendrites. Moreover, we find that somatic 
463
Apart from sodium currents as a universal enabling mechanism, we find a key role of 
481
The existence of sublinear dendritic branches supports the idea of inhibitory neurons acting Artificial Neural Network analysis demonstrates that a FS basket cell is better described by 495 a 2-stage abstraction that incorporates both modes of dendritic integration (Figure 5,6) . 
